The kinetics of movement of tracer Na into human and dog red cells have been studied. The time courses of these processes and of K transfer were compared with the theoretical time course for saturation of a flat sheet having a resistive surface. The theoretical and the experimental curves when plotted againt t ~ have a considerable portion which is linear; on the basis of this resemblance the results are interpreted in terms of a permeability constant and an internal diffusion constant. It is supposed that selective adsorption acts to bring about concentration of K in the human cell and that the bulk of the Na of that cell is present in a thin outer region, while the K is in the interior. The action of stropha~athin is to remove the usual fimit to the Na capacity of the cell and it is proposed that the Na region increases in thickness at the expense of the K region. Omission of K from the medium has a similar result. Ha uptake into poisoned cells measured either with tracer or as a net gain has a linear dependence upon t½ after a delay. The permeability of the dog cell to Na is reduced when K is added to the medium; this may be due to the formation of an outer K-rlch region which imposes a resistance to Na movement.
The movement of K into and from muscle has recently been shown to conform kinetic.ally with the idea that the ion is impeded by slow intraceltular diffusion as well as by the resistance offered by the cell membrane (Harris (10) ).
The purpose of the present paper is to examine data for cation movement into the erythrocytes of two species (man and dog) to see whether a combination of slow internal diffusion with surface resistance may not provide a better interpretation of the results obtained than a single permeability barrier. Most previous works on the cation movements have been analysed in terms of membrane permeability; Ponder (19) , however, has criticised this neglect of the interior, which in the red cell shows evidence of being an orderly structure. When the resistance to movement through a membrane is so high that there is time for nearly complete diffusion mixing of the cell contents at all times, then uptake or loss will follow a first order law; that is, a rising or falling exponential function of time. More detailed investigation with tracers has, however, revealed that the cations of human and some other cells behave as if they were 197 not all equally readily exchanged; it has been necessary to suppose that there is a small labile fraction of Na (Clarkson and Maizels (4)) and of K (Solomon and Gold (25) ) differing in accessibility from the main fraction. Ponder (18) , studying net K loss, found that two exponential terms were required to fit the results, and proposed that two components are present. In addition to the anomalies of K movement part of the Na scarcely exchanges with tracer ions at all (Gold and Solomon (8) ). This division of the total cation content into fractions has received no satisfactory interpretation; it is suggested in this paper that the "fast" and "slow" fractions of a given ion are not present in separate compartments but are a consequence of diffusive movement. A diffusion process has a time course which resembles that of two or more first order processes going on together and which is kinetically equivalent to a number of permeability-limited processes operating in series.
To explain very slowly exchanging fractions it is possible to envisage a system having a small proportion of the diffusing substance situated deeper in the cell than is the main bulk of it. The diffusion time depends upon the square of a distance so the equilibration time of the deeper lying material can become long compared with that of the superficial material.
Experimental results for the movement of Na and K into human cells, Na into dog cells, and other authors' results for K movement, are compared with the theoretical curves for diffusion through a resistive coating into a flat sheet. The latter is the most appropriate simple geometrical shape to use for comparison with discoidal cells.
M etttods
Tracer Na Uptake.--Uptake of tracer Na by the cells was followed in mixtures of blood (4.5 ml.) + saline mixture (described below) 7.5 ml. + 150 mx~ tracer NaC1-NaHCOs mixture 2 ml. The tracer mixture was prepared by 75 per cent neutralising irradiated Na2CO8 with HCI. The saline mixture had the following composition: The mixture was kept agitated by introduction of a stream of 95 per cent 02 q-5 per cent CO,.
Immediately after the introduction of the tracer Na into the mixture a 1 ml. sample of the cell suspension was withdrawn into a syringe pipette and injected into 8 ml. of cold wash solution in a calibrated centrifuge tube and spun at up to 4500 g for 15 minutes. It is estimated that less than 3 minutes elapsed between injecting the sample into the wash fluid and repacking. The centrifuge tube was of special form in that it had a wide upper part of capacity 10 ml. and a lower calibrated capillary portion to take 0.15 ml. After spinning, the packed cell volume was read Off, the supernatant flui d was poured off, and the fluid in the top of the capillary was removed by a Pasteur pipette; the glass was wiped with dry filter paper and washed with water, which causes inappreciable haemolysis of the packed cells because of the protecting buffy coat. After redrying, 3 ml. of water was added from a Pasteur pipette with the tip pushed down to the lowest part of the calibrated part of the tube. This haemolyses the cells; the haemolysate was used for assay of the radioactivity and for cation analysis in a flame photometer. Samples were withdrawn at intervals and similarly treated. The radioactivity measurements were made using portions of haemolysate in a chamber mounted under an end-window counter. Dilutions of the haemolysates were used directly in a flame photometer to obtain Na and K analyses.
The relative haemoglobin in the samples was, estimated colourimetrically after conversion to the cyano derivative (King and Gilchrist (16) ). This estimation permitted the cation contents to be calculated for a constant number of cells equal to the number in a selected reference sample.
RESULTS
Before presenting the numerical data it will be helpful to examine plots of the function relating the quantity of material which has diffused into a sheet having a resistive coating 1 with t½ (Fig. 1) . The diffusion process is linearly related to t~ for a portion of the total time or degree of equilibration. As the surface resistance rises (i.e. the permeability falls), the intercept of the linear part of the curve with the t½ axis moves to the right. For a given internal diffusion constant the slope of the linear part becomes less as permeability diminishes but is less sensitive to permeability than is the position of the intercept. The function which has been plotted in Fig. 1 is given in the Appendix.
Entry o] Na into Human CeUs.--The rise of tracer Na content when the cells from the blood of a particular donor are incubated at 38°C. with tracer Na is plotted against t½ in Fig. 2 . The contents are calculated for a constant number of cells using the haemoglobin as measured, the volume change was only about + 3 per cent.
There are two sources of error: (a) there will be 2 to 3 per cent of fluid trapped in the packed cells (Jackson and Nutt (15) ). This fluid is part of the mixture made in the centrifuge tube of 8 ml. wash fluid and the (about) 0.85 ml. of active solution present in a 1 ml. sample of cell suspension. It will contribute 0.3 to 0.4 m.eq tracer Na/1. of cells. The other factor (b) is the loss of tracer caused by the suspension for a few minutes of the cells in the mixture of wash fluid with active solution. If losstook place for 3 minutes at 38°C. to an entirely tracer-free x A resistive region is one which impedes movement without having the capacity to contain an appreciable quantity of the substance which is moving.
solution it would probably amount to between 0.7 and 1 m.eq./liter cells. The loss to a cold solution which contains a proportion of tracer will be lessthan this; measurement of the tracer Na loss from cells to a sucrose-KC1 medium in which
Curves of the time course of the saturation by diffusion of a volume bounded by parallel planes having a resistive coating. The ratio of the permeability H of the coating to the diffusion constant (D) is h. The thickness of the sheet is 2 a and it is exposed on each side. Note that the abscissa parameter is (DO½/a. they were briefly resuspended gave a value of 0.4 m.eq./liter cells. Accordingly we have not applied any correction to the uptake figures; the contribution made by the trapped fluid is regarded as roughly equal to the loss caused by the exposure to the diluted medium. The uptake found in a minimal time of exposure to the tracer solution was about 0.8 m.eq./liter cells. Only about a half of this can be attributed to the trapped solution mentioned above and the origin of the remaining 0.4 m.eq. still has to be sought. The experimental curves, of which Fig. 2 is an example, have a linear portion of which the intercept with the t~ axis is to the right of the origin. The slope of the linear portion in Fig. 2 A is 0.64 m.eq. Na per (time in minutes)~, and the intercept is at 2.3 units of tt In a similar experiment made using cells from another donor's blood the slope was 0.95-0.88 (2 experiments) m.eq./liter cells per unit t½ interval and the intercept was also at 2.3 units of t t. The results in Fig. 2 are in fair quantitative agreement with those previously found by the method of following the tracer output from cells which had previously been loaded for 2 hours as described by Harris and Prankerd (13) . Calculated quantities of tracer Na in the cells assuming a I m.eq./liter cell fast fraction (Clarkson and Maizels (4)) plus 10 m.eq./liter with exponential exchange rate 0.3 hr. -1 (Harris and Prankerd (13)) i.e. Q = 1 q-10(1 -exp -0.3t), agree to within 0.4 m.eq. with curve A (Fig. 2) .
Comparisons of other output experiments having varied conditions of loading show that differences in behaviour arise which can be explained on the basis of internal mixing not being rapid. These experiments are described under Tracer output.
Although there is a striking similarity between uptake of Na into the erythrocyte and diffusion into a sheet with resistive coating the diffusion model does not explain why Na uptake is limited in the metabolising cell to 10 to 12 m.eq./liter. The limitation disappears when the cells are poisoned or when metabolism is reduced by cooling or omission of metabolite; in all these conditions cell Na seems to rise towards the limit expected for a Donnan distribution (Harris and Maizels (12)). When strophanthin or digoxin is added to a suspension of cells the outward movement of Na and the uptake of K are inhibited (Schatzmann (22) ). On the other hand, experiment shows that tracer Na uptake in the first 2 hours follows a line a little steeper than that for normal cells (compare curve B with curve A (Fig. 2) , the slopes are respectively 0.64 and 0.88). Later, however, the curves differ, and Na continues to enter the poisoned cells with the linear dependence on t½. The same difference was found when cells from another donor were compared with and without the poison (slopes unpoisoned: 0.95, 0.88; poisoned 10#g./ml. strophanthin: 1.03, 1.05). How is one to interpret the small influence of the poison on the slope for the initial 2 hours? If the capacity of the cell for Na had been increased without any change in the spatial distribution of the ion a diffusion process would have been accelerated in the same ratio (in heat transfer the change corresponds to an increased specific heat). A model which has the desired properties consists of a thin Na-rich outer region enclosing an inner K-rich region. In the normal ceil tracer Na will enter the Na region and fill it, by replacement of ordinary Na, in a few hours. Poisoning leads to loss of K equivalent to net Na gain. It is proposed that poisoning causes the Na region to grow at the expense of the K region so that, instead of reaching an inner boundary as in the normal cell, the Na can continue to move into the poisoned cell with an equivalent dis' placement of K. Inward movement of Na is accelerated when K uptake has S -- been slowed either by poisoning as already described, or by reduction of the K concentration in the external medium (Fig. 3 ). This observation accords with the idea of there being a limited number of lines along which cation diffusion takes place by a process of site to site transfer so that if K ions are not present on the sites there is more capacity available for Na. It will be noted that re-ICED CELL CATION MOVEMENT duction of external K not only accelerates Na intake but also increases the capacity of the cell for Na.
It is not suggested that the respective Na-rich and K-rich regions are completely free from K and Na; indeed the presence of 1 to 2 m.eq. Na in the inner K-rich region would account for the "inexchangeable" or very slowly exchanging fraction which has been described (Sheppard, Martin, and Beyl (24); Gold and Solomon (8)). If, for example, 10 m.eq./liter Na in the cells were confined in a layer making up 5 per cent (on each side) of the cell thickness, and 1 to 2 m.eq. were distributed across the remaining 90 per cent, the time for equilibration of the latter by diffusion would be 100 times that of the former.
Output of Tracer Na from Human Cells.--It has previously been observed that the output of tracer Na from loaded cells fails to follow the first order (exponential) law if the readings are taken over a sufficiently long time (e.g. Harris and Maizels (11) , Fig. 4) ; this was formerly attributed to deterioration of the cells. The same explanation was suggested for the slower output seen when the cells had been loaded with the tracer for longer times (Harris and Prankerd (13)). However, the findings can be explained if short loading leads to the cells having a gradient of degree of exchange across their half-thickness. Outward diffusion of the tracer from briefly loaded cells having most of the exchanged Na nearest the exterior will take place faster than diffusion from cells in which the tracer has penetrated more deeply; this consideration applies to both the Na-rich region and to such Na as is in the K-rich region.
Tracer output from cells which have been loaded for unequal times can readily be compared so long as the loading times lie in the linear range of the tt curve. Within this range the content after loading for time T can be written Q = A TJ -B. If the cells are exposed to tracer-free solution for time t the superposition theorem can be applied (so long as (T -}-t)½ --tt is greater than the intercept of the linear part of the uptake curve with the abscissa). Using the theorem the content will be Q --A ( ( T -[-t) ~ -t~), that is, the content if plotted against (T -{-t) ~ --t ~ will lie on a line of slope equal to that for uptake and passing through the origin. Fig. 4 shows an experiment in which the cells were loaded either for 70 or 158 minutes; washing out of the tracer was then started and readings were taken of the contents at various times of washing. The figure shows that the two times of loading give consistent results when treated in this way. One may ask what is the result if loading is continued for so long that uptake has eventually ceased. Tracer output from these ceils to a tracer-free solution, always provided a steady N'a content is maintained, should be equal to the uptake of ordinary Na. The amounts of tracer leaving the cells should then give a curve like Fig. 2 A when plotted against tl.
Tracer Uptake When a Net Na Loss Is in Progress.--The effect of inducing a net Na gain by strophanthin during tracer uptake has been mentioned. The increase of the slope of the uptake-tt line was attributed to the effect of K loss from the outer Na-rich region rather than to the effect of the inward stream. If a net loss of N'a from the cells is caused during uptake the entry of tracer Na would be slowed down if such mutual interaction took place, whereas in the absence of interaction the inward diffusion would be determined solely by the external concentration. Three experiments were performed with substitution of isosmotic sucrose for part of the Na salts in the medium. After spinning off, $ TRACER Na m.¢quiv,/I. the cells were resuspended in sucrose (9 volumes) Jr-CaCl2 (1 volume, 0.1 •) mixture and repacked. Immersion in the reduced Na solution causes a loss of Na from the cells of which the major part is over in 120 min. (t~ --ll). Tracer uptake during this time gave curves against t~ with the slope of their linear parts reduced in proportion to the reduction of Na concentration. There was no evidence that uptake was accelerated after the net change was largely complete. In Analytical Experiment.--The data so far presented were obtained from tracer measurements. It is, however, possible to show that net changes of Na content take place according to the diffusion law which has been discussed. The net uptake of Na which takes place when cells are poisoned with digoxin (5 #g./ml.) is plotted against # in Fig. 6 . After a delay of about 30 minutes the net gain is close to 1 m.eq. Na/liter cells per unit t~. As this figure is close to the tracer uptake (Fig. 2, curve B) into poisoned cells it appears that output of Na has ceased in agreement with Schatzmarm's (22) result.
Tracer K Uptake by Human CeUs.--Uptake of tracer K by human cells was measured in one experiment. The procedure described for Na was modified because the low concentration (4.4 m~) of K applied in the solution made it unnecessary to give the cells a wash. Tracer present in the trapped fluid will account for about 0.1 m.eq./liter of the measured tracer content. Values found for uptake from a relatively large volume of fluid have been plotted in Fig. 7 , curve A. The proportion by volume of cells in the fluid was 1.1 per cent; the maximum exchange reached corresponds to about one-seventh of the cell K and one-thirtieth of the tracer present originally in the suspension medium, hence diminution of tracer concentration in the medium can be neglected in this experiment.
Published data for K uptake by suspensions of cells in plasma, when the haemotocrit reading was some 45 per cent cannot be compared directly with the above result because the plasma tracer concentration falls so much during the movement of tracer into the cells. However, it is possible to make a rough allowance for the changing plasma tracer level by using a step-by-step calculation of successive uptakes; the increments of tracer in the cells were divided by the mean specific activity of the plasma K during the respective intervals. there is sufficient movement of tracer from the cells to the plasma to bring the specific activity of the plasma K above the mean value that the specific activity had attained in the cells during loading. This shows that a portion of the cell K had a specific activity higher than the mean value. Later in the experiments there was a redistribution of tracer, some moved back into the cells causing a fall of plasma specific activity, and finally cell tracer became equilibrated between cell K and plasma K. There is an early maximum of plasma specific activity in 1 to 2 hours. Solomon and Gold (25) interpreted the results in terms of two separate cellular compartments holding K so that different exchange rates applied. However, the same phenomena would be observed if the cell K were only slowly mixed by internal diffusion. This can be shown by applying the uptake data from Fig. 7 (curve B was used). If cell K is constant during a period of loading and unloading the movement of tracer outwards during the unloading must be the same as in the inward movement of the ordinary K with which it is exchanging. I~ turn this must follow the same law as tracer uptake. The amounts of tracer which would escape from cells which have been loaded for various times have been calculated below. The values are the milliequivalents of tracer K per liter of cells which would escape in successive 1 hour intervals, together with the values of the mean specific activity of the cell K at the end of loading (cell K content taken as 100 m.eq./liter). If we now remember that in the mixture of cells and plasma used by Solomon and Gold there was 1 ml. cells mixed with 1.3 ml. plasma having o n l y about 5.7 ~t.eq. K then (in absence of any return flow) the amount of tracer escaping from the cells in the 1st hour would suffice to bring the plasma specific activity up to between 8 and 20 per cent. To allow approximately for the return flow in a 1 hour period one can use the mean plasma tracer level (say M) to find Q (return) = 0.6 X 7.7 X M/5.7 (because 0.6 m.eq. move per unit tJ in minutes, (60)t = 7.7 and the mean proportion of tracer in the plasma is M/5.7). The return movement of tracer makes the actual amounts of tracer present after 1 hour close to 70 per cent of the respective figures tabulated for 0 to 1 hour; namely, 0.30, 0.68, and 0.85 m.eq./liter cells. These quantities are enough to raise the plasma specific activity to 5, 11, and 13 per cent respectively, that is in each case to about twice the mean cell specific activity at the end of loading. Thereafter plasma radioactivity will only continue to rise so long as the return flow of tracer is less than the tracer output from the cells. At 1 hour, back flow rates will be about 0.24, 0.56, and 0.69 m.eq./liter cells so they have not far to go before becoming equal to the output rates (compare with outputs tabulated for 2 to 3 hours). At this stage in the experiment the tracer is in a pseudosteady state as Solomon and Gold found. Subsequently the averaging out of the tracer within the cell can make the output fall further and tracer moves into the cells from the plasma (cf. Fig. 1 of Solomon and Gold (25)).
From the above it seemed that the behaviour of both Na and K in the human red cell can be explained by assuming a slow internal diffusion, with in addition a resistance at the surface. It was thought interesting to investigate dog erythrocytes on account of their different ionic composition.
Na Uptake by Dog Erythrocytes.--The uptake was measured by a technique similar to that applied to human cells. It was found that dog cells haemolyse rapidly in the ordinary medium (described under Methods), but addition of 5 g~s/ml, adenosine reduced haemolysis so that this addition was made in all cases. Other authors have remarked on the fragility of the cells even in nearly pure plasma (Sheppard, Martin, and Beyl (24)). Adenosine may act by improving the maintenance of the metabolism (Prankerd and Altman (20)).
Uptake of Na by dog cells at 38 ° is shown in Fig. 8 . Uptake is plotted against t½. The line is fitted by Q = 2.5 #, Q being in m.eq./liter cells and t in minutes.
Dog cells have an Na content of 120 to 130 m.eq./liter so the maximum exchange attained in the experiments is less than would have made the curve perceptibly non-linear if diffusion were the limiting factor (cf. Fig. 1) .
The Effect of K Concentration on Na Uptake by Dog Cells.--When part of the Na of the medium is substituted by equivalent K the uptake of tracer Na by the dog cells follows a changed time course. Fig. 9 illustrates experiments made in media with three different K concentrations. In raised K media there is a delay before uptake is linearly related to #, just as for Na entry into human cells. Addition of K to the medium causes some loss of Na from the cells and a gain of K; there is some haemolysis. In the experiments of Fig. 9 the additional K had been added 30 minutes (to the 13 n~) or 60 minutes (to the 62 m_~) before starting the tracer uptake. If the extra K is added during Na uptake it causes a temporary cessation of inward tracer movement (branch at A , Fig. 8) ; there is a substitution of K for part of the cell Na. The effect of the added K on Na movement can be explained if one supposes that the K gained by the cell forms a resistive outer layer so as to impede inward Na movement as will be shown in the Discussion. (24) and Frazier et al. (7) have given figures for the uptake of tracer K by dog cells from which the leucocytes had been removed. The former authors' data if plotted against t½ can be fitted by: Q = 0.02 t½ with Q in m.eq./liter cells and time in minutes; external K was 4 m~. The points are scattered so it is not justified to place much dependence on the value. However, it is interesting that the slope is less than that for K entry into human cells by a ratio approximating the ratio of dog cell K content to human cell K content. Hence the half-times for equilibration and the diffusion constants will be similar. 
K Uptake by Dog Erythrocytes.--Sheppard, Martin, and Beyl

The Lack of Influence of Digoxin on Cell Phosphate Esters and on Phospholipide Synthesis.--Further information about the mechanism of action of
digoxin was sought by simultaneous analyses of cell phosphate esters and phospholipides extracted after the addition of PSZ-orthophosphate and digoxin with subsequent incubation. Phosphate esters were separated and analysed by methods described by Prankerd and Altman (20) , and their specific activities estimated. No difference was found between normal and digoxin-treated (5 ug./ml.) cells after 2 and 4 hours' incubation.
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Ethanol-ether extracts of whole cells and plasma were also prepared after 16 hours' incubation. These were hydrolysed and the water-soluble phosphate esters chromatographed in the manner described by Dawson (5) . Relative 
DISCUSSION
Relation between Na and K Movements.--It was previously proposed (Harris (9) ) that the active parts of K movement into the cell and of Na movement out of the cell were linked. In the picture of the cell as consisting of a matrix of adsorption sites which can accept either cation there will be no rigid linkage of the absolute movements. Net movements, being largely an equivalent for equivalent interchange of the two ions on the sites, should be nearly equal, as is found. The rate at which cell Na is replaced by exchange with external Na may be more rapid than the corresponding exchange of K simply because the Na is nearer the surface than is the K. If, in the human cell, the intersite diffusion of K inwards was slightly easier than that of Na, then the nature of the ions on the outer sites would reflect the composition of the medium whereas the inner sites would all tend to be occupied by K ions. Addition of strophanthin (or omission of metabolite) would then have its action by removing the bias which normally favours K inward movement. In the dog cell the normal cation content seems to reflect the action of a small Donnan effect upon the ionic composition of the medium. It is unnecessary to postulate a mechanism favouring K movement but the effect of adding K to the medium is to cause a displacement of a part of the ]qa with replacement by K. Such displacement would take place at the outside of the matrix first and would create a region which might reasonably have an added resistance to Na movement.
Diffusion Constants and Surface Permeability.--To calculate the diffusion
(D) and permeability constants (//) corresponding to the observed movements of cations into human and dog cells there are two methods which can be used.
(1) The slope of the linear part of the uptake plotted against t~ is used to find an approximate figure for D from the relation: Uptake per unit volume = 2 A.C,(Dt/~r)t in which A is the area presented for diffusion per unit volume.
(2) The relation between the half-time of saturation of a sheet through its two sides with D, and the half-thickness (a) is used. For the half-time, tt, the relation Dtt/a 2 = 0.196 holds. The half-time of saturation is calculated from the slope of the experimental line relating uptake to tt because the delay before the linear relation holds is regarded as being caused by the surface resistance. From the approximate value of D the observed intercept on the t~ axis (t~) is converted to (Dt~)~/a, and by comparison with Fig. 1 a value for ak is estimated (k --H/D). The value is used to find//and to apply a correction to the approximate D to allow for the reduction of slope caused by the surface resistance (which may be seen in the curves of Fig. 1) .
Before either procedure is used one must know more about the way in which the substance is distributed within the cell and about what forces act to bring about enhanced or reduced concentrations in the cell as compared with those holding in the medium. To illustrate the difficulty let us consider human erythrocyte K. The cells contain so much of this ion that it is reasonable to regard it as being distributed across the major part of the cell thickness. To use method (1) The last figure can be compared with a result of measurement of K movement from an erythrocyte ghost cell into NaC1 solution made by Teorell (26) . He gives (Table 4 ) a value corresponding to 3.5 m.eq. K/liter cells/hour, escaping when the internal K concentration was 19 rn~. Using the normal erythrocyte volume/surface ratio of 1.1 )< 10 --4 cm. the permeability to K comes to 5 X 10 -° cm. sec. -1. This is a few times greater than our value found for intact cells which have not been exposed to hypotonic haemolysis.
If method (2) for the calculation of Dr: is applied, the time for half-replacement of the 100 m.eq. K/liter cells is 3090 minutes and this figure substituted in the relation gives the uncorrected Dr: as 1.3 X 10 -14 cm? sec. -1. The reason that the value differs from that of method (1) is that the cell volume exceeds the volume of water present in the cell. Now let us examine the Na of the human erythrocyte. Under Results it was argued that the Na is confined to an outer layer which is capable of expansion when a poison is applied. The layer may be ill-defined, showing a gradual transition from Na-rich to K-rich region, but this could still be described in terms of a certain thickness of Na-rich layer. It is not necessary to postulate a Na pump to account for the low Na content of the cell; instead a selectivity has been ascribed to inward intersite diffusion. The results for unpoisoned cells show an Na uptake of 0.64 or 0.9 m.eq./liter cells per unit (t in minutes)½ for two particular donors' cells. The effective external Na concentration may be taken as the product of C, (= 143 re_M) and a factor depending on pH to allow for the Donnan effect. According to Fig. 1 of Harris and Maizels (12) at pH 7.4 the factor for Na will be about 1.2. Calculating D~, for the cells showing the faster Na uptake the result comes to about 0.5 )< 10-14 cm. ~-sec. -1. After correction for the effect of surface resistance the D is raised to 0.7 X 10-14 cm. 2 sec. -1 and the permeability Hrs, comes to 2.3 )< 10-9 cm. sec. -1. If the lower uptake value were used the value for D would be about halved but fir would be little changed. In order to calculate the thickness of the Na-rich region it was assumed that the total cation capacity of the cell is uniformly distributed so that the sum of the thicknesses of the Na regions on the two opposite faces of the cell stands in the same ratio to the total thickness as does the Na content to the total cation content. For Na = 14 and K = 100 m.eq./liter cells the Na regions would have thickness 0.135 g in a 2.2 t* thick cell. Method (2) of calculation leads to D~ea = 1 X 10 -14 cm. 2 sec. -I which as before needs correction for the effect of the surface resistance.
As the resistance of the surface to K movement is about twice the resistance to Na movement, it seemed possible that the extra resistance to the K ions derived from the presence of the outer Na region. The resistance contributed by the membrane might be unspecific and the same for each cation. The permeability of a layer 0.13 g thick to an ion diffusing with D = 1 X 10 -14 cm3 sec_ 1 would be 0.74 X 10 -9 cm. sec. -1, this, in series with a membrane of permeability 2.3 × 10 -9 cm. sec. -1, would have a permeability of 0.6 X 10 -~ cm. sec. -I which is not much less than the measured K permeability. (Note that permeabilities add like conductivities.)
In calculating the diffusion constant for Na in the dog cell the external concentration (143 rnM) was regarded as modified by the Donnan effect to bring it up to 174 n~ (174 is the Na concentration found in some of our analyses of dog cells). The value for Drca is 3.3 X 10 -14 cm3 sec. -1. The Na permeability is variable, and in the cells used to obtain Fig. 8 it evidently was high because the line passes nearly through the origin. The line for 4 rnM external K in Fig.  9 corresponds to//Na = 1.1 X 10 --s cm./sec. -1. In Fig. 9 the intercept is moved to the right as the K in the medium and in the cells, increases. This implies that the//N~ has been reduced. If, following the method applied to explain the additional resistance of the human cell to K, we suppose that in the dog cell the addition of K displaces some Na from the peripheral region (as it must if it diffuses only slowly into the cell interior), then the added resistance may be explicable. The permeabilities of regions of thickness corresponding to 1 m~/liter cells of extra K (for 13 rn~ external K) and 20 rn~ extra K (for 62 rn~ external K) were calculated. These permeabilities in series with a permeability of 1.1 × l0 s cm./sec. -~ (the value in 4 rn~ K) correspond to//(inl3 m_~ K) = 0.85 X los cm. sec. -1 and//(in62 m~) = 0.16 X 10-s cm. sec. -~. The values calculated from the intercepts are 0.45 × 10s and 0.16 X los cm./sec. -1. As in the human cell the effect of the minor ion on the permeability to the major ion seems accountable in terms of the presence of an outer region containing the minor ion. The reduced slope of Na uptake in high K solution (Fig. 9 ) can be accounted for by the reduced Na concentration in the medium.
Transsurface Flux.--It is important to distinguish between the flux of an ion across the resistive outer layer of a cell and the amount which diffuses into or out of the interior. In the steady state there will be no net movement and although ions may be continually penetrating the surface layer in each sense they do not meet the restriction imposed by slow diffusion. Interchanges across the surface layer are controlled by the permeability of the layer and the respective concentrations just inside and just outside the layer. It is only when a net movement takes place from one side to the other, or when the ions are marked by use of tracers that the existence of slow diffusion will be revealed, for then the particular ions in the cell have to move in the interior as well as across the surface layer. Tracer movement will not give a value for the transsurface flux and the latter may greatly exceed the rate of tracer transfer on account of the large proportion of ions which no sooner enter the cell than they leave it again.
The low diffusion constant has still to be explained. It is relevant that Abelson and Duryee (1), using tracer Na showed that the penetration of the frog egg was slow. Radioautographs taken after 5 minutes' exposure to the tracer demonstrated a non-uniform distribution. From their results an internal diffusion constant of 2 X 10 -9 cm. 2 sec. -x can be obtained ff it be assumed that all the Na is equally mobile. They calculated a higher value assuming part (12 per cent) only of the cell ' Na to be mobile and the remainder to be immobile; i.e., to have zero diffusion constant.
The diffusion of oxygen, nitrogen, and methylene chloride in zeolites is very slow; for example oxygen in K-mordenite has diffusion constant 9 X 10 -x4 cm. 2 sec. -1 (Barter and Brook (2)).
The fact that the usual anions of the erythrocyte move very rapidly (Dirken and Mook (6); Luckner (17) ) is in sharp distinction to the behaviour of the cations. Why ion pairs cannot readily move through the cell structure is not clear. It is, however, claimed that the use of both permeability and diffusion constants to describe cation movements is justified if only on empirical grounds because they can be used to bring observations made by various experimental techniques into harmony without the need for fast, slow, and inexchangeable fractions.
Part of the expenses of this work were met by a grant from the Government Grants Committee of the Royal Society. Some apparatus was provided by the Central Research Fund of the University of London. One of us (E. J. H,) held a grant for scientific assistance from the Medical Research Council.
APPENDIX
Uptake by Diffusion into a Sheet Raving a Resistive Coating
A steady concentration'C, is applied to the sheet at t = 0. The outer medium is well Stirred so the outside concentration is C, throughout.
The appropriate solution to the diffusion equation is given, e.g. in The function has been plotted in Fig. 1 for some values of ah and against (Dt)'5/a as abscissa. When h --> zo the function reduces to the diffusion equation holding for the flat sheet (of. Hill (14)).
When ah is 1 the second term of the series only contributes 3 per cent to the total for Dt/a ~ = 0.1 and it is negligible for higher values of Dt/a 2. For small (< 1) ah and a~ > .1 the expression approximates to which is the first order equation for permeability-limited movement.
